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Reliability of systolic time intervals in diagnosis of
transposition of great arteries in newborn
G G S SANDOR, M W H PATTERSON, M TIPPLE, D J VINCE

From the Department ofPaediatrics, University ofBritish Columbia, Vancouver, British Columbia, Canada

SUMMARY The diagnostic echocardiographic features of transposition of the great arteries have been
described as (1) abnormal great vessel relations, (2) reversed systolic time intervals. The former has
been shown to be unreliable and the systolic time intervals have not been critically evaluated in the
neonate.

A cardiac opinion was sought in 17 cyanotic neonates, aged 7 to 80 hours in whom full clinical
examinations, electrocardiogram, and chest x-ray could not distinguish between transposition of the
great arteries and respiratory disease. Nine patients (group 1) had the former and eight (group 2) had
the latter.

Standard echocardiograms were performed taking note of the great vessel relations, and systolic
time intervals were measured. Reversed systolic time intervals were present (a) when the anterior
root pre-ejection period was equal to or greater than the posterior root pre-ejection period, or
(b) when the anterior root ejection time was equal to or shorter than the posterior root ejection
time, or (c) when the anterior root electromechanical systole was equal to or shorter than the posterior
root electromechanical systole, or (d) when the anterior root pre-ejection period/ejection time ratio
was equal to or greater than the posterior pre-ejection period/ejection time ratio. When the great vessel
relations were clearly reversed, that is the anterior root was medial, cephalad, and anterior to the
posterior root, then the positions were diagnostic for transposition ofthe great arteries; other relations
were either non-diagnostic or clearly normal.

The sensitivity, specificity, and predictive accuracy of these findings were calculated. The great
vessel relations were determined with 78% sensitivity, 87-5% specificity, and 87-5% predictive
accuracy. The systolic time intervals criteria were 44 to 89% sensitive, 0 to 50% specific, and had
50 to 66% predictive accuracy. Thus, taken alone, systolic time intervals are useless in excluding
transposition.

By linear discriminant analysis using both the great vessel relation and systolic time intervals
a formula was derived which would have predicted the diagnosis with 100% accuracy.

This requires a prospective study for proofof its validity. In the meantime, careful evaluation of
all the clinical, laboratory, and echocardiographic data must be made in any cyanosed neonate and
cardiac catheterisation must not be delayed if the diagnosis is in doubt.

Balloon atrial septostomy has dramatically changed the catheterisation. The echocardiographic features of
immediate prognosis for neonates with d-transposition transposition of the great arteries are said to be (1) an
of the great arteries but this procedure is not without abnormal relation of the great vessels,' and (2)
significant risk.' The decision to undertake cardiac reversed systolic time intervals.5 While the former has
catheterisation and possible balloon atrial septostomy been shown to be unreliable,'0 the value of the latter
in a severely cyanosed neonate has been simplified by has not been tested.
the introduction of echocardiography which can ident- The purpose of this study was to determine the
ify the cardiac structures and thus reduce the length of reliability of systolic time intervals in differentiating

between transposition of the great arteries and non-
Received for publication 1 December 1980 cardiac causes of severe cyanosis in the newborn.
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Systolic time intervals in diagnosis of transposition in cyanosed newborns

Table 1 Clinical details and systolic time intervals in patients

Case Diagnosis Wt Age P02 Anterior root (RV) Posterior root (LV)
no. (kg) (h) mm

Torr PEP ET QS, PEPI PEP ET QS2 PEPI
ET ET

Group I
1 TGA 4-0 7 18 60 200 260 0 30 45 210 255 0-22
2 TGA 3-2 8 19 60 150 210 0 40 50 155 205 0-32
3 TGA 3-2 70 25 65 170 235 0-38 45 185 230 0-24
4 TGA 3-2 48 22 85 175 260 0 49 60 215 275 0-28
5 TGA+VSD 3-1 80 37 60 170 230 0 35 55 180 235 0-31
6 TGA+VSD 3-5 26 24 75 190 265 0 39 55 220 275 0 25
7 TGA+VSD+PS 2-4 48 51 80 170 260 0-47 65 205 270 0-32
8 TGA+VSD 2-7 34 29 55 140 195 0 39 60 135 195 0-44
9 TGA 3-3 8 36 130 140 270 0 93 60 180 240 0-33

Mean 3-18 36-6 29 74 167 243 0 46 55 187 242 0 30
SD± 45 27 11 23 21 27 0-19 7-1 29 29 0-07

Group 2
10 Asphyxia, Down's 3-47 18 35 70 200 270 0 35 60 200 260 0 30
11 PFC 3-63 56 33 70 150 220 0-47 60 165 225 0-36
12 Meconium aspiration, PFC 3 18 22 65 185 250 0 35 65 185 245 0-35
13 PFC 1-67 36 22 65 180 245 0-36 50 185 235 0-27
14 Asphyxia, PFC 3-3 36 40 50 170 220 0 33 50 155 205 0-32
15 Asphyxia, PFC 3-8 50 45 65 150 215 0-43 60 145 205 0-41
16 PFC 3-4 17 77 60 170 230 0-35 50 190 240 0-26
17 PFC and omphalocele 1-9 18 28 95 200 295 0-32 70 205 290 0 34

Mean 3-02 31-1 37-8 68 176 243 0 37 58 179 238 0-33
SD 0-8 16 18 13 20 28 0 05 8 22 ±30 0 05

ET, ejection time; LV, left ventricle; PEP, pre-ejection period; PFC, persistent fetal circulation; P02, pressure ofoxygen; PS, pulmonary stenosis;
QS,, electromechanical systole; RV, right ventricle; SD, standard deviation; TGA, transposition of the great arteries; VSD, ventricular septal
defect.

Patients

All 17 patients in this study were cyanosed neonates
referred for a cardiac opinion at the Vancouver General
Hospital between August 1977 and May 1979, and all
had had an adequate echocardiographic examination.
Their ages ranged from 7 to 80 hours. There were nine
with transposition of the great arteries (group 1), four
with an additional ventricular septal defect, one of
those with pulmonary stenosis. Patients with more
complex forms of transposition of the great arteries or
who presented after 1 week of age were not included in
the study. The clinical details are shown in Table 1.
Group 2 comprised eight cyanotic neonates suspected
of having congenital heart disease initially but all
subsequently considered to have persistent fetal
circulation caused by perinatal asphyxia. One had
Down's syndrome; another had omphalocele. All were
ventilated with maximal pressures and an inspired
oxygen of90% or more.

Methods

Echocardiograms were performed with an S.K.I.
Eckoline echocardiograph using a 5 MHz 6 mm

unfocused transducer. The tracings were made on
ultra-violet sensitive paper at 100 mm/s, with a
Honeywell recorder for systolic time intervals and at 50
mm/s for "sweeps" to determine the presence of
structures and their relations. Systolic time intervals
were calculated in the standard manner.9 The pre-
ejection period was measured from the onset of the Q
wave to semilunar valve opening and the ejection time
from the opening to the closure of the semilunar valve.
The total duration of electromechanical systole was
measured from the onset of the Q wave to valve closure
and was the sum of pre-ejection period and ejection
time. Five cardiac cycles were used and the mean of
each value was taken to the nearest 5 ms. The position
of the great vessels was noted in each case. The systolic
time intervals were measured independently. Statistical
analysis was performed using Student's t test. The two
groups were compared with each other and the results
of the anterior and posterior root systolic time intervals
compared. The following were calculated:
(1) Sensitivity-per cent of all patients with trans-
position of the great arteries who showed reversed
systolic time intervals,

True positive x 100
True positive+false negative
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(2) Specificity-per cent of negative tests in patients
without transposition of great arteries (group 2),

that is True negative
. xlOO0True negative+false positive

(3) Predictive accuracy-per cent of positive tests that
are true positive,

that is True positive x.. 0True positive and false positive

For the calculation of sensitivity, that is true positive,
the anterior had to exceed the posterior pre-ejection
period, the anterior had to be shorter than the posterior
ejection time and electromechanical systole, respec-
tively, and the ratio of anterior had to be greater than
that of posterior pre-ejection period/ejection time.
When the values of any of the measured indices were
equal, they were considered non-diagnostic and there-
fore "negative". This rule was also applied for
specificity and predictive accuracy. For specificity, the
reverse had to hold true, that is for a true negative, the
anterior had to be shorter than the posterior pre-
ejection period, the anterior had to exceed the posterior
ejection time and electromechanical systole, respec-
tively, and the ratio of anterior had to be less than that
of posterior pre-ejection period/ejection time. The
predictive'accuracy was derived from a combination of
true and false positives as defined.

Table 2 Data used for discriminant analysis

Case Diagnosis Great Anterior-posterior
no. vessel root (ins)

relation
PEP ET QS, PEPI

ET

1 Transposition + 1 +15 -10 + 5 +0-08
2 Transposition +1 ±10 - 5 ± 5 +0-08
3 Transposition +1 +20 -15 + 5 +0-14
4 Transposition + 1 ±25 -40 -15 +0-21
S Transposition ±1I + 5 -10 - 5 ±0-04
6 Transposition +1 +20 -30 -10 +0-14
7 Transposition 0 +15 -35 -10 ±0-15
8 Transposition +1I - S + 5 0 -0-05
9 Transposition 0 +70 -40 +30 ±0.6

10 Pulmonary disease -1I +10 0 +10 +0-05
1 1 Pulnmonarydisease 0 +10 -15 -15 +0.11
12 Pulmnonarydisease -1I 0 0 ± 5 0
13 Pulmonarydisease -1 +15 - 5 ±10 +0-09
14 Pulmonarydisease -1I 0 +15 +15 +0-01
15 Pulmonarydisease -1I + 5 ± 5 +10 ±0-02
16 Pulmonarydisease -1I +10 -20 -10 +0-09
17 Pulmonarydisease -1 +25 - 5 + 5 -0-02

ET, ejection time; PEP, pre-ejection period; QS,, electromechanical
systole.
Code for great vessel relation: + 1, diagnostic for transposition; 0, non-
diagnostic; - 1, diagnostic for normal.

These definitions were also applied to the position of
the great vessels. There were basically three categories,
(a) clearly normal, (b) clearly diagnostic for trans-
position of the great arteries, and (c) equivocal. The
sensitivity, specificity, and predictive accuracy were
calculated for each.

In an attempt to combine these two echo diagnostic
criteria to imnprove their accuracy, linear discriminant
analysis was used. The great vessel relation was coded
for one of the above positions and the difference
between the anterior and posterior root pre-ejection
period, ejection time, electromechanical systole, and
ratio of pre-ejection period/ejection time used to arrive
at the most accurate discriminant combination of these
(Table 2). For this, the magnitude of the difference in
systolic time intervals was taken into account, unlike
the simple derivation of sensitivity, specificity, and
predictive accuracy.

Results

There was no dlifference in the mean birthweights, age,
and P02 of the two groups. In case 15, the blood sample
for the Po2 of 77 torr was obtained just before cardiac
assessment. Cases 8 and 9 were extremely acidotic with
a pH of less than 7-0 and both received large doses of
sodium bicarbonate.
The echo results for pre-ejection period, ejection

time, electromechanical systole, and the ratio of pre-
ejection period/ejection time are shown in Table 1. The
mean results of the systolic time intervals for groups 1
and 2 were not different when the "anterior" root or
".posterior"~root were compared between the two
groups.

RELATION OF GREAT VESSELS
In cases 7, 9, and 11 doubt was expressed about the
great vessel relation and the position in these patients
was therefore classed as "non-diagnostic". All three
had systolic time intervals which were reversed, but at
catheterisation case 11I was found to have persistent
fetal circulation and not transposition of the great
arteries. This was the only patient in group 2 who
underwent diagnostic cardiac catheterisation. The
sensitivity, specificity, and predictive accuracy were
78%, 8-7-5%, and 87-5%, respectively (Table 3).

SYSTOLIC TIME INTERVALS
Reversal of systolic time intervals was frequently found
in group 1 and the sensitivity of this finding was high
(89%). This is shown in Table 4. The only patient in
whom reversal of systolic time intervals was not seen
was a patient with transposition of the great arteries,
ventricular septal defect, and severe acidosis. The left
ventricular pressure was suprasystenmic at the time of
cardiac catheterisation and there was no pulmonary
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Systolic time intervals in diagnosis of transposition in cyanosed newborns

Table 3 Great vessel relations Discussion

Sensitivity 78
(Group 1)
Specificity 87-5
(Group 2)
Predictive accuracy 87-5

Table 4 Systolic time interval criteria

Systolic time intval criteria Per cent

Sensitivity Ant PEP>Post PEP 89
(Group 1) Ant ET<Post ET 89

Ant QS2<Post QS2 44
Ant PEP/ET>Post PEP/ET 89

Specificity Ant PEP<Post PEP 0
(Group 2) Ant ET>Post ET 25

Ant QS2>Post QS2 50
Ant PEP/ET<Post PEP/ET 12-5

Predictive accuracy Ant PEP>Post PEP 50
Ant ET<Post ET 57
Ant QS2<Post QS2 66
Ant PEP/ET>Post PEP/ET 53

Ant PEP, anterior pre-ejection period; ant PEP/ET, anterior pre-
ejection period/ejection time; ant QS2, anterior electromechanical
systole; post PEP, posterior pre-ejection period; PEP/ET, posterior
pre-ejection period/ejection time; post QS,, posterior electro-
mechanical systole.

stenosis. The great vessel orientation was typical for
transposition of the great arteries.

Patients in group 2 also showed reversal of systolic
time intervals. The "anterior root" pre-ejection period
was equal to or greater than the posterior root pre-
ejection period in all cases. Similarly, the relation ofthe
anterior to the posterior root ejection time, electro-
mechanical systole, and pre-ejectior' reriod/ejection
time, respectively, would be compatible with the diag-
nosis of transposition ofthe great arteries in most cases,
thus making the test non-specific. The predictive
accuracy for these individual findings varied from 50 to
66% as shown in Table 4.

Using discriminant analysis, the following formula
was obtained which would have correctly classified all
of the patients.

+[31-584xVessel] - [1-609AET] + [1(674AQS2]
-[128-681APEP/ET] - 7-921

If the result was greater than zero the diagnosis was
transposition of the great arteries and if less than zero,
the diagnosis was pulmonary disease.

This study was designed to assess the reliability of
systolic time intervals in the diagnosis of transposition
of the great arteries in the newborn period, when the
acutely ill cyanotic neonate is at the greatest risk.
Previously published work has stressed the abnormal
relation of the great vessels in transposition.2 The
anterior root semi-lunar valve is found medially and
superiorly while the posterior root semi-lunar valve is
lateral and posterior. Unfortunately, there is normally
some variation in the great vessel relations in trans-
position of the great arteries. In 33% of patients there is
an anteroposterior relation of the great vessels, with
the aorta higher and anterior to the pulmonary artery."
The normal newborn has a relatively larger and more
medially placed pulmonary artery than an older child. 2
Thus, the great vessels are closer together and may be
almost in an anteroposterior relation in the normal
newborn. Therefore, it is not surprising that in a recent
study of the contribution of echocardiographs in the
diagnosis oftransposition, the arterial root position was
diagnostic in only 80% of cases, and inconclusive or
misleading in 20%. "' Our findings were similar, with
seven out of nine patients with abnormal great vessel
relations in whom the diagnosis could be made with
confidence and two in whom it could not.

Earlier reports of the use of echo in the cyanosed
newborn have mentioned the use of systolic time
intervals to add further diagnostic accuracy but have
not systematically assessed this."7'0 The standard
values for systolic time intervals in transposition of the
great arteries were measured in children aged 1 month
to 7 years.9 In that study, the systemic always exceeded
the pulmonary ventricular pre-ejection period, the
right ventricular was shorter than the left ventricular
ejection time, and the left ventricular electromechanical
systole generally, but not always, exceeded the right
ventricular electromechanical systole. The ratio of
ventricular pre-ejection period/ejection time was
greater on the right than on the left and ratios of left
ventricular/right ventricular ejection time (1I 22) and
left ventricular/right ventricular pre-ejection period
(0 55) were characteristic for transposition of the great
arteries. These results were consistent with the systolic
time intervals normally observed in the systemic versus
the pulmonary circulation in older children and adults
with normal pulmonary vascular resistance and
myocardial contractility.9'1'5 In the neonate, with
transitional circulation, these factors are variable and
the rate of fall of the pulmonary vascular resistance in
the neonate with transposition may be delayed.'6 17 A
recent echocardiographic study of the systolic time
intervals in neonates with respiratory disease or trans-
position confirmed the variability of systolic time
intervals in the latter, which we have also found. 8
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Reversed systolic time intervals were seen in most of
our patients with transposition. The majority showed a

longer right ventricular/pre-ejection period (89%), a

shorter right ventricular ejection time (89%), and the
ratio of the right ventricular pre-ejection period/
ejection time larger than the left ventricular one (89%).
In case 8, however, this was not the case and though the
patient was severely acidotic, circulatory collapse had
not occurred. The systolic time intervals on the
pulmonary side truly reflected the haemodynamics
found at cardiac catheterisation with a suprasystemic
left ventricular pressure. Thus, the pulmonary vascular
resistance in transposition has the same capacity to
remain high as in persistent fetal circulation and in fact
many neonates with simple transposition have near

systemic pulmonary artery pressures if catheterised in
the first few days of life.920 The presence of a ven-
tricular septal defect may also retard the fall in left
ventricular pressure. In this study, the left ventricular
pre-ejection period/ejection time was not necessarily
below 0-30, as was suggested by Riggs et al. 6

In the acidotic, asphyxiated, and cyanosed neonate
with persistent fetal circulation raised pulmonary
arterial pressures may be reflected by changes in the
systolic time intervals similar to those found in this
study.'6 Riggs et al. studied neonates with persistent
fetal circulation and showed a right ventricular pre-
ejection period longer than the left and a right
ventricular ejection time shorter than the left; the ratio
of pre-ejection period/ejection time was 0-6 for the
right ventricle and 0-48 for the left. These ratios were
larger than we found but the direction of change was

similar. Gutgesell et al.'8 found similar values for
transposition but also noted reversal of systolic time
intervals in almost all the patients with respiratory
disease, as we did. Thus, such reversal is not specific;
the left ventricular pre-ejection period was greater in
none of the cases, left ventricular ejection time was

shorter in 25%, left ventricular electromechanical
systole was shorter in 50%, and the ratio of the
posterior pre-ejection period/ejection time was larger
in 12-5%.

In the preceding discussion, the correctness of
diagnosis between transposition of the great arteries
and persistent fetal circulation has been assumed, but
when the clinician is faced with the echocardiogram of
an undiagnosed cyanotic newborn the great vessels may
only be designated "anterior" or "posterior", as has
been done in this study. Based on the position of the
vessels, the assumption that an artery is pulmonary or

systemic may be erroneous. In this situation, it is
important to know the sensitivity, specificity, and
predictive accuracy ofthe systolic time intervals, rather
than the mean values for the two ventricles. Using the
criteria, previously published, for transposition, the
sensitivity of systolic time interval reversal at the

anterior root was very high (89%), but specificity
ranged from 0 to 50% (Table 4). Thus, many patients
who did not have transposition had systolic time
intervals diagnostic for this condition, understandable
in the light of the haemodynamic changes in persistent
fetal circulation. The predictive accuracy ofthe systolic
time intervals ranged from 50 to 60%.
Thus the use of systolic time intervals alone would by

these criteria overdiagnose transposition. Few cases
would be missed but many neonates with respiratory
problems would be catheterised, and we do not
advocate this. In our study, we catheterised only one
patient with persistent fetal circulation because our
echocardiographic criterion to proceed to catheterisa-
tion has been simply doubt about the relation ofthe two
great vessels in the presence of cyanosis. The diagnosis
of transposition requires both clinical and laboratory
investigations, including echocardiography, at which
time both the great vessel orientation and systolic time
intervals must be taken into consideration. Though
discriminant analysis produced a cumbersome
formula, its use would have increased the diagnostic
accuracy to 100% but the numbers of patients in the
study were small and the formula was derived retro-
spectively. The logical step now would be to perform a
prospective study to assess its reliability. Until this has
been done, catheterisation must not be delayed in
doubtful cases.
Of course, the use of contrast echocardiography may

now enhance the diagnostic accuracy ofM-mode echo-
cardiography with the suprasternal approach.2' Two-
dimensional echocardiography has also simplified the
diagnosis of transposition.2223

Help given by Dr Michael Schulzer, Department of
Mathematics, University of British Columbia, in the
statistical analysis is gratefully acknowledged.
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